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AND ALBERT E. SLOANE
The importance of including an adequate test for the discovery
of deficiencies in color vision in any thorough medical examination
of students has long been recognized; it is obviously desirable to
detect at an early age those individuals who will be excluded from
pursuing careers in occupations which require good color perception.
For several years the Ishihara color vision test was used as part of
the annual medical examination of the students at an eastern pre-
paratory school, but in the 1941 examinations the pseudo-isochro-
matic plates published by the American Optical Company and
engraved, printed, and copyrighted by the Beck Engraving Company
in 1940 were used. In the course of testing the color vision of 726
male adolescents with these plates, we noted that only a small per-
centage of individuals gave the correct response to every plate, that
a large number failed more than ten per cent of the plates, and that
a variety of different responses were made to the same plate by
apparently normal individuals. Our results from that testing pro-
gram yielded so many individuals about whose color vision we were
in doubt that we decided to make a critical evaluation of these color
vision test plates and to attempt to devise methods of using those
plates which would produce more uniform and less confusing results.
Method
The pseudo-isochromatic plates of the American Optical Com-
pany were used throughout our testing program. The plates were
held three feet from the examinee, diffuse daylight of good intensity
(the tests were given between 9:00 A. M. and 4:00 P. M.) came from
a window behind the subject, and the plates were read at the rate
of approximately one every two seconds. An individual's response
was not commented upon and was recorded whenever it differed
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from the correct* one. Three of the 46 plates are for the detection
of malingerers; three other plates (35, 36, and 45) require that
special directions be given the subject and these plates were omitted
in order to save time and avoid confusion. We have calculated the
percentage of plates failed on the basis of 40 plates.
On the basis of the tests carried out on the 726 boys referred to
above, three groups of boys were obtained for a careful retesting
program: (1) 30 individuals (4.1 per cent) whose color vision was
undoubtedly deficient (none of these boys failed less than 23 of the
40 plates); (2) the five boys who failed more than 12 and less than
23 of the 46 plates and whose color vision we originally classified
as "doubtful"; and (3) a group of 132 boys selected at random from
the 691 other boys in the school. In addition to these three groups
of boys, a group of 107 boarding-school girls, who had not previ-
ously been given this test, was examined; three of these girls were
subsequently put into a color vision deficient group.
Results
In Table 1 are listed the results of the testing program carried
out on each of these four groups of individuals, the number in each
of the groups who failed each plate is given. Ten of these plates
were failed by 12 or more per cent of boys whose color vision we
believed to be normal, and on plates 7 and 11 as high as approxi-
mately 50 per cent of boys failed to give the correct response. On
the basis of these tests three of the girls were put into a color vision
deficient group, but 18 of the plates were failed by 12 or more per
cent of the remaining 104 girls. Evidence that neither these girls
nor the 132 boys had deficient color vision is furnished by the fact
that on 15 plates, each of which was failed by more than 50 per cent
ofthe 30 color deficient boys, no more than 3 per cent of our normal
boys or girls failed. These 15 plates, each of which was failed by
a high percentage of our color vision deficient group and each of
which was rarely failed by individuals thought to have normal color
vision, were regarded by us as including what might be termed the
most efficient and best designed plates. Many of the other plates
obviously were read with difficulty by apparently normal individuals,
and the possibility of one normal individual accumulating a series
*To avoid confusion we use the term "correct response" when it is identical
with the response listed on page 8 of the American Optical Company pamphlet
which accompanies each set of plates.
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of errors on such plates and having his color vision classified as defi-
cient, is apparent. The total number of errors which apparently
normal individuals can accumulate is listed in Table 7.
TABLE 1
NUMBER AND PERCENTAGE OF THE 132 NORMAL BOYS, 104 NORMAL GIRLS, 30
COLOR VISION DEFICIENT BOYS, 3 COLOR VISION DEFICIENT GIRLS, AND 5 "DOUBTFUL"
COLOR VISION DEFICIENT BOYS FAILING EACH OF THE 40 TESTS. THE 3 MALING-
ERERS TESTS ARE NOT LISTED; NO ERRORS WERE MADE ON THESE TESTS
Normal Normal Color deficient boys (132) girls (104) boys (30)
!k4 o. % NO.
0 0 3 29 18 60.0
23 17.4 27 25.9 14 46.7
0 0 0 0 17 56.6
0 0 0 0 17 56.6
0 0 0 0 23 76.7
0 0 0 0 28 93.4
64 48.4 64 61.5 28 93.4
3 2.3 3 2.9 28 93.4
0 0 0 0 20 66.7
0 0 3 2.9 25 83.4
66 50 56 53.8 30 100
22 16.7 16 15.4 29 96.7
0 0 2 1.9 20 66.7
16 12.1 29 27.9 27 90
0 0 0 0 5 16.7
0 0 0 0 5 16.7
5 3.8 16 15.4 26 86.6
2 1.5 13 12.5 23 76.7
0 0 0 0 30 100
5 3.8 7 6.7 30 100
1 0.8 1 1.0 25 83.4
12 9.1 36 34.6 27 90
0 0 0 0 30 100
2 1.5 7 6.7 30 100
0 0 3 2.9 30 100
31 23.4 60 57.6 30 100
0 0 2 1.9 30 100
10 7.6 36 34.6 30 100
0 0 8 7.7 3 10
0 0 0 0 0 0
30 22.8 17 16.4 27 90
30 22.8 18 17.4 29 96.7
5 3.8 14 13.4 6 20
38 28.9 65 62.5 15 50
24 18.2 51 49.0 30 100
8 6.1 14 13.4 29 96.7
0 0 0 0 27 90
5 3.8 3 2.9 29 96.7
6 4.5 27 26.0 29 96.7
10 8.1 21 20.2 29 96.7
418 3.2 622 6.0 928 30.9
Color deficient "Doubtful"
girls (3) boys (5)
No. % No. %
1 33.3 0 0
2 66.7 3 60
0 0 0 0
1 33.3 2 40
0 0 0 0
0 0 3 60
3 100 2 40
3 100 1 20
0 0 0 0
1 33.3 2 40
2 66.7 5 100
3 100 4 80
1 33.3 0 0
3 100 2 40
0 0 0 0
0 0 0 0
3 100 0 0
1 33.3 0 0
2 66.7 5 100
3 100 5 100
2 66.7 0 0
1 33.3 2 40
2 66.7 0 0
2 66.7 2 40
2 66.7 3 60
3 100 4 80
2 66.7 1 20
3 100 5 100
1 33.3 1 20
0 0 0 0
0 0 3 60
0 0 2 40
3 100 1 20
3 100 3 60
3 100 5 100
3 100 4 80
1 33.3 1 20
2 66.7 3 60
3 100 1 20
3 100 4 80
68 22.7 82 16.4
Plate
No.
1
2
3
4
S
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
27
28
29
30
31
32
33
34
37
38
39
40
41
42
43
44
40
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Responses
Table 2 lists in detail the responses made by the members of each
group to each of the 43 plates; it also indicates the sort of variations
from the correct response made by apparently normal individuals
and the frequency with which these other responses occurred. On
plate 1 a few normal girls read 80 instead of 89, and yet 40 per cent
of our color vision deficient boys made the correct response (the
pamphlet states that the red-green blind "rarely" read it); on plate
2 about 25 per cent of normal boys and girls read 48, and more than
50 per cent of the color vision deficient group made the correct
response. Plates 3, 4, 5, and 6 yielded no failures in our normal
group, but from 6 to 43 per cent of the color vision deficient groups
failed them. Plate 7 yielded the response 89 more often than it
did the correct one from the normal groups, and plate 8 was occa-
sionally confusing. Plate 9 was read correctly by all our normal
subjects, but 33 per cent of the colorvision deficient group also made
the correct response. Only a few errors were made by normals on
plate 10. For plate 11, 20 was as frequent a response as was 29,
and one normal boyand one normal girl made the response 70 which
is listed as a red-green color blind response: these two individuals
made no other significant errors, and for that reason we advise that
plate 11 be discarded, and it is omitted from our list in Table 3.
Because seven normal individuals made the response 35 to plate 12,
that plate is also omitted from the list on Table 3. Plate 13 was
correctly read by 33 per cent of our color vision deficient group, and
two normals confused either the 8 or 6 with other numbers. Only
16 normal boys and 29 normal girls failed to make the correct
response to plate 14; most of those who failed made the response 76,
but several other numbers were read. No normals failed plates 15
or 16, but 25 per cent of the color vision deficient group also made
the correct response to each of these plates. Thirteen normal girls
made the response 85 to plate 17 and three boys read 26. Eleven
normal girls read either 88, 66, 62, or 86 on plate 18, and 23 per
cent of the color vision deficient group made the correct response.
All of the color vision deficient group failed plate 19, and no mem-
ber of the normal groups made an error. Two normal boys and
four normal girls made the response 5, which was also made by all
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TABLE 2
DETAILED TABULATION OF THE RESPONSES MADE BY THE MEMBERS OF EACH GROUP
TO EACH OF THE 43 PLATES. THE NUMBER AND PERCENTAGE OF INDIVIDUALS
IN EACH GROUP MAKING EACH OF THE VARIOUS RESPONSES ARE GIVEN
Plate Americes Test Normal Normal Colordeficiext Color deficient "Doubtful" No. Optical Respons boys (132) girls (104) boys (30) grls (3) boys (5)
Response
A A'' '
No %N. o. No.~ No. %/
1 89 89 132 100 101 97.1 12 40.0 2 66.7 5 100
80 3 2.9 3 10.0
Nonumber 12 40.0 1 33.3
20 1 3.3
69 1 3.3
88 1 3.3
2 43 43 109 82.6 77 74.1 16 53.4 1 33.3 2 40
48 23 17.4 27 25.9 1 3.3 1 33.3 3 60
Nonumber 5 16.6 1 33.3
8 1 3.3
13 1 3.3
26 1 3.3
40 1 3.3
53 1 3.3
63 1 3.3
68 1 3.3
78 1 3.3
3 56 56 132 100 104 100 13 43.4 3 100 5 100
Nonumber 6 20
66 6 20
86 3 10
55 1 3.3
6 1 3.3
4 27 27 132 100 104 100 13 43.4 2 66.6 3 60
Nonumber 10 33.3
25 1 3.3
26 2 6.6
28 1 3.3 1 33.3
29 2 6.6 1 20
88 1 3.3
97 1 20
5 8 8 132 100 104 100 7 23.4 3 100 5 100
3 22 73.3
9 1 3.3
6 6 6 132 100 104 100 2 6.6 3 100 2 40
5 28 93.4 3 60
7 39 39 68 51.5 40 38.5 2 6.6 3 60
89 54 40.8 52 50 5 16.6 1 33.3 2 40
80 8 6.1 9 7.6
30 1 0.8 1 1.0 1 33.3
99 1 0.8
90 2 1.9
Nonumber 21 70.0 1 33.3
25 1 33.3
29 1 3.3YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 2-(continued)
DETAILED TABULATION OF THE RESPONSES MADE BY THE MEMBERS OF EACH GROUP
TO EACH OF THE 43 PLATES. THE NUMBER AND PERCENTAGE OF INDIVIDUALS
IN EACH GROUP MAKING EACH OF THE VARIOUS RESPONSES ARE GIVEN
Plate American Test Normal Normal Color deficiemt Color deficient "Doubtftul No. Optical Resposse boys (132) girls (104) boys (30) girls (3) boys (5) Respone c A' t- No. % No. % No. % No. % No. %
8 42 42 129 97.8 101 97.1 2 6.6 4 80
48 2 1.5 1 1.0
12 1 0.8
22 1 1.0 1 33.3
62 1 1.0 1 20
No number
52
9 56 56
Nonumber
26
86
0
10 27 27
2
28
87
NonuImber
97
22
24
0
11 29 29
20
28
26
70
12 57 57
37
35
55
53
No number
85
13 86 86
88
56
85
NonUmber
14 75 75
76
56
25
78
85
88
26
26 86.6
2 6.6
132 100 104 100 10 33.3
15 50
2 6.6
2 6.6
1 3.3
132 100 101 97.1 5 16.6
1 1.0
1 1.0
1 1.0
19 63.5
3 10.0
1 3.3
1 3.3
1 3.3
66 50
61 46.2
3 2.3
1 0.8
1 0.8
110 83.4
15 11.3
4 3.0
1 1.8
1 0.8
1 0.8
48 46.1
50 48.1
4 3.8
1 1.0
1 1.0
88 84.5
9 8.7
3 2.9
2 1.9
1 1.0
1 1.0
132 100 102 98.0
1 1.0
1 1.0
116 87.8 75 72.1
9 6.8 16 15.4
2 1.5
2 1.5 3 2.9
1 0.8 2 1.9
1 0.8 2 1.9
1 0.8
2 1.9
30 100
1 3.3
1 3.3
27 90
1 3.3
10 33.3
2 6.6
2 6.6
16 53.4
3 10
1 3.3
2 66.6
3 100 5 100
2 66.6 3 60
1 33.3
1 33.3
1 33.3
1 20
1 20
2 40
1 33.3 3 60
1 20
2 66.6 4 80
1 33.3
2 66.6
1 33.3
5 100
360
120
1 20
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TABLE 2-(continued)
Plate American Test Normal Normal Color defiient Color deficirt "Doubtiur'
No. Optical Response boys (132) girls (104) boys (30) girls (3) boys (5)
ResNonse o.A % N N 1% No % No. %/ No. t No. %/. No. %/ No0. %
36 1 1.0
5 1 1.0
Nonumber 2 1.9
15 7 7 132 100 104 100
Nonumber
16 9 9 132 100 104 100
Nonumber
17 25 25 127 96.2 88 84.5
26 3 2.3 1 1.0
85 2 1.5 13 12.5
86 2 1.9
83
23
20
No number
18 68 68 130 98.5 91 87.4
88 2 1.5 7 6.7
66 2 1.9
62 1 1.0
86 1 1.0
8 1 1.0
Nonumber 1 1.0
19 5 5 132 100 104 100
2
8
20 3 3 127 96.2 97 93.3
5 2 1.5 4 3.8
8 3 2.3 3 2.9
Nonumber
21 97 97 131 99.2 103 99.0
27 1 0.8
87 1 1.0
26
96
98
Nonumber
22 34 34 120 91 68 65.3
84 11 83.2 23 22.1
86 1 0.8 9 8.7
36 3 2.9
No number 1 1.0
64
53
8
32
85
23 56 56 132 100 104 100
Nonumber
96
46
36
26 86.7
25 83.4
5 16.6
25 83.4
5 16.6
4 13.3
2 6.6
2 6.6
1 3.3
1 3.3
1 3.3
1 3.3
18 60.0
7 23.3
1 3.3
3 10
2 6.6
3 100
3 100 5 100
3 100 5 100
1 33.3
5 100
2 66.6
2 66.6 5 100
1 33.3
17 56.7
1 33.3
30 100 2 66.6 3 60
2 40
30 100 2 66.6 5 100
1 33.3
5 16.6 1 33.3 5 100
2 6.6
1 3.3
2 6.6
1 3.3
19 63.3
3 10
1 3.3
21 70
1 3.3
1 3.3
1 3.3
1 3.3
1 3.3
26 86.6
1 3.3
3 10.0
2 66.6
2 66.6 3 60
1 20
1 20
1 33.3
1 33.3 5 100
1 33.3
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TABLE 2-(continued)
DETAILED TABULATION OF THE RESPONSES MADE BY THE MEMBERS OF EACH GROUP
TO EACH OF THE 43 PLATES. THE NUMBER AND PERCENTAGE OF INDIVIDUALS
IN EACH GROUP MAKING EACH OF THE VARIOUS RESPONSES ARE GIVEN
Plate America Test
,No. Optical Respowe
Repowse
24 27 27
29
22
82
87
2
Nonumber
5
8
25* 12 12'
26* H H
27 89 89
87
80
8
No number
88
54
69
28 43 43
48
23
63
46
3
No number
56
29 86 86
88
Nonumber
12
36
30 75 75
25
26
85
?5
No number
76
5
78
28
Normal Normal Color deficient Color dejcist "Doubtful" boys (132) girls (104) boys (30) gwrL (3) 'boys (5)
No. No. % NO. % No. %
130 98.5 97 93.2 1 33.3 3 60
2 1.5
4 3.8
1 1.0
1 1.0 1 20
1 1.0
132 100 104 100
132 100 104 100
132 100 101 97.0
1 1.0
1 1.0
1 1.0
101 76.6
31 23.4
44 42.3
54 51.9
2 1.9
2 1.9
1 1.0
1 1.0
132 100 102 98.1
2 1.9
122 92.5 68 65.3
7 5.3 15 14.4
1 0.8 4 3.8
1 0.8 3 2.9
1 0.8
3 2.9
7 6.7
2 1.9
1 1.0
1 1.0
31 52 52 132 100 96 92.3
62 4 3.8
* Malingerers' Test
28 93.4
1 3.3
1 3.3
30 100
30 100
29 96.7
1 3.3
29 96.7
1 3.3
29
1
96.7
3.3
2 66.6 1 20
3 100 5 100
3 100 5 100
1 33.3 2 40
2 66.6 1 20
1 20
1 20
1 20
4 80
3 100
1 33.3
2 66.6
4 80
1 20
1 20
29 96.7 3 100 4 80
1 3.3
27 90.1
1 3.3
2 66.6
1 33.3
4 80
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TABLE 2-(continued)
Plate American Test Normal Normal Color deficient Color deficient "Doubtful" No. Optical Respoxse boys (132) girls (104) boys (30) gwis (3) boys (5)
Reponse A r A % e
No. % No. % No. % No. % No. %
59 3 2.9 1 3.3 1 20
58 1 1.0
Nonumber 1 3.3
32 96 96 132 100 104 100 30 100 3 100 5 100
33 "Rarely" Nonumber 102 77.3 87 83.6 3 10 3 100 2 40
45 27 20.4 15 44.4 18 60 2 40
43 1 0.8
41 1 0.8 1 3.3
47 1 0.8 2 6.6
5 1 1.0 2 6.6
A 1 1.0
?5 1 3.3
35 2 6.6
25 1 3.3
4
34 "Rarely" Nonumber 102 77.3 86 82.6
73 16 12.1 5 4.8
75 8 6.1 2 1.9
29 2 1.5 3 2.9
25 1 0.9 1 1.0
23 1 0.8 4 13.3
70 1 0.8 1 3.3
78 1 0.8 2 1.9
65 1 1.0
27
21
351
k Not Given
36J
37 052 052
062
05?
Nonumber
5
082
58
52
38 394 394
894
896
994
396
Nonumber
379
397
89
39
39 23 23
28
2
127 96.2 90 86.5
2 1.5 7 6.7
1 0.8
2 1.5 4 3.8
1 1.0
1 1.0
1 1.0
94 71.2 39 37.5
36 27.2 51 49
1 0.8 8 7.7
1 0.8
1 1.0
5 4.8
108 81.9 53 51.0
24 18.1 49 47.0
1 1.0
1 3.3
15 50
3 10
1 3.3
1 20
3 100 3 60
2 40
1 3.3
2 6.6
2 6.6
24 80
1 3.3
1 3.3
3 10.0
1 3.3
15 50
7 23.4
2 6.6
2 6.6
1 3.3
1 3.3
1 3.3
1 3.3
1 33.3
1 33.3
1 33.3
4 80
1 20
2 40
1 33.3 3 60
2 66.6
1 20
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TABLE 2-(concluded)
DETAILED TABULATION OF THE RESPONSES MADE BY THE MEMBERS OF EACH GROUP
TO EACH OF THE 43 PLATES. THE NUMBER AND PERCENTAGE OF INDIVIDUALS
IN EACH GROUP MAKING EACH OF THE VARIOUS RESPONSES ARE GIVEN
Plate American Test Normal
No. Optical Response boys (132)
Respon*se A
No. %
No number
35
96
3
4
92
98
40 65 65 124 94
66 6 4.5
68 1 0.8
05 1 0.8
63
Nonumber
41 15 15 132 100
17
47
42 74 74 127 96.2
71 5 3.8
24
21
2?
43 47 47 126 95.5
27 2 1.5
46 1 0.8
42 1 0.8
No number 2 1.5
7
17
67
12
24
44 98 98 122 92.5
96 2 1.5
88 1 0.8
68 1 0.8
83 1 0.8
92 1 0.8
82 1 0.8
Nonumber 1 0.8
28 1 0.8
08 1 0.8
58
33
93
62
99
69
Normal Color deficient Color deficiest "Doubtfurl
girls (104) boys (30) girlst (3) boy (5)
No. % No. % No. % No. %
1 1.0 26 86.6 3 100 2 40
1 3.3
1 3.3
1 3.3
1 3.3
90 86.5
8 7.7
3 2.9
1 1.0
1 1.0
1 1.0
104 100
101 97.1
2 1.9
1 1.0
77 74
11 10.6
2 1.9
1 1.0
4 3.8
1 1.0
1 1.0
6 5.7
1 1.0
83 79.8
3 2.9
6 5.7
5 4.8
2 1.9
1 1.0
2 1.9
1 1.0
1 1.0
45-Not Given
46* Follows Follows
Line Line 132 100 104 100
* Malingerers' Test
1 3.3
1 3.3
28 93.4
3 10
26 86.7
1 3.3
1 3.3
1 3.3
27 90
1 3.3
1 3.3
1 20
1 20
1 20
1 20
3 100 3 60
2 66.6 4 80
1 33.3 1 20
1 33.3 2 40
1 20
2 66.6 2 40
4 80
28 93.4 3 100
1 20
1 3.3
1 3.3 1 20
29 96.7 3 100 1 20
1 20
1 20
1 20
30 100 3 100 5 1(O
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of the color vision deficient group, to plate 20: these individuals
made no other significant errors, and, therefore, this plate is omitted
from the list in Table 3. Sixteen per cent of the color vision defi-
cient group made the correct response to plate 21; one of the normal
boys made the response 27, and one normal girl read 87. Eleven
normal boys and 23 normal girls read 84 and one boy and nine
girls read 86 on plate 22. No normals failed plate 23; two normal
boys read 29 and six normal girls made such responses as 22, 82,
and 87 to plate 24. No errors were made by any member of any
group on plates 25, 26, and 46, the malingerers' tests. Three nor-
mal girls made the response either 87, 80, or 8 to plate 27; only
one of the color vision deficient group could read a number (88).
Twenty-three per cent of normal boys and over 50 per cent of the
normal girls read 48 instead of 43 in plate 28, and six other normal
girls read either 23, 63, 46, or 3; only one of the color vision defi-
cient group could read a number (56). Two girls read 88 on plate
29; all but one of the color vision deficient group failed to read a
number; that subject read 12. Three normal girls were unable to
read a number on plate 30, and 33 other girls made 8 different
responses; seven normal boys read 25; this test is omitted in Table 3.
Ninety per cent of the color vision deficient group made the correct
response to plate 31, although the manufacturer's pamphlet suggests
that red-blind individuals read "confusion numbers"; seven normal
girls read such confusion numbers as 62, 59, 58, and this plate is
omitted from Table 3. Plate 32 was not failed by any member of
any group; the manufacturer's pamphlet states that red-green blind
read confusion numbers, and this plate is omitted from Table 3.
Twenty per cent of the normal boys, 44 per cent of the normal girls,
and 60 per cent of the color vision deficient group made the response
45, which is listed as the red-green blind response, to plate 33; this
plate is omitted from Table 3. Twelve per cent of normal boys,
four per cent of normal girls, and 50 per cent of color vision defi-
cient boys made the response 73, which is listed as the red-green
blind response, to plate 34; this plate is omitted from Table 3.
Plates 35, 36, and 45 were not used. The red-green response to
plate 37 is listed as "confusion numbers" by the manufacturer; 80
per cent of the color vision deficient boys made the correct response,
and 10 of the normal girls read "confusion numbers"; this plate is
omitted from Table 3. Fifty per cent of the color vision deficient
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group made the correct response to plate 38, and more than 27 per
cent of the normal boys and over 57 per cent of the normal girls
read "confusion numbers"; this plate is omitted from Table 3.
Forty-seven per cent of normal girls and 18 per cent of normal boys
read 28 on plate 39; 86 per cent of the color vision deficient group
could read no number. Over five per cent of normal boys and over
10 per cent of normal girls read either 66, 68, or 05 on plate 40;
93 per cent of color vision deficient boys read no numbers. No
normal boys or girls made an error on plate 41, and 86 per cent of
the color vision deficient group made the response 17. Five nor-
mal boys andtwo normal girls made the response 71 and one normal
girl read 24 on plate 42; 90 per cent of the color vision deficient
group read 21. Ninety-three per cent of the color vision deficient
group were unable to read a number on plate 43; four normal boys
and 14 normal girls read either 27, 46, or 42. On plate 44, 9
normal boys and 19 normal girls read such numbers as 96, 88, 68,
83, 92, 82, 28, 08, 58, 33, 93; 96 per cent of the color vision defi-
cient group failed to see a number, and only one normal boy and
two normal girls were unable to make out a number.
Table 3 presents a list of the plates we would suggest be retained
for future testing of color vision, and omits mention of plates 35,
36, and 45, which we have not used at all, and plates 11, 12, 14, 20,
30, 31, 32, 33, 34, 37, and 38 which we feel do not give evidence
which can be accurately interpreted with ease. Ten plates have
been marked with an "*" and are hereafter referred to as "special"
plates; none of these plates was failed by any member of our normal
groups, while at least four of them were failed by every boy in our
color vision deficient group. The scoring of each is clear-cut and
does not involve a consideration of alternative numbers.
On the basis of our results listed in Table 2, it seems reasonable
to suggest that if such plates as 7, 8, 17, etc., are retained that they
be scored as indicated in Table 3. This method of evaluating
responses seems to us more efficient and valid than either to score
as a failure such a response as 85 to plate 17 or to ignore it or to
allow each examinee any given number of "careless" errors.
Table 4 lists the number and percentage of the 132 normal boys,
104 normal girls, 30 color vision deficient boys, 3 color vision defi-
cient girls, and 5 "doubtful" color vision deficient boys failing each
of the 29 plates when the revised scoring is used. The three
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TABLE 3
A PROPOSED "REVISED
) METHOD OF SCORING THE PLATES, TOGETHER WITH DATA ON THE
USUAL RESPONSES MADE BY COLOR VISION DEFICIENT INDIVIDUALS TO THOSE PLATES
Usualresponse Per cent of color Plate Normal response "Revised scoring" by colorvision tisiondeficientgroutp No. deficientgroup' making that response
1 89;or80 89 40 2 42;or48 43 53 3* 56 56 43
4* 27 27 43
5* 8 3 73
6* 6 5 93 7 39; or Ist number3or8; or 2ndnumber9or 0 Nonunber: 70 8 42; or 1stnumber4; or2ndnumber2 Nonumber 86
9* 56 Nonumber S0 10 27; or 1stnumber2; or2ndnumber7 No number S0 13 86; or Istnumber8; or 2nd number 6 Nonumber 53 15* 7 7 83 16* 9 9 83 17 25; or 1st number2; or 2nd number 5 Nonumber 60 18 68; or Istnumber6; or2nd number 8 Nonumber 56 19* 5 2 100 21 97;or lstnumber9; or2ndnumber7 Nonunber 63
22 34; or 1stnumber3or8; or2ndnumber4or6 Nonumber 70 23* 56 No number 86 24 27; or 1stnumber2or8; or2ndnumber2,7,or 9 Nonumber 93 25t 12 12 100 26t H H 100 27 89; or 1st number 8; or 2nd number 9 No number 96 28 43; or 1st number4; or 2ndnumber3 or 8 Nonumber 96 29 86;or 1stnumber8or6; or 2nd number6or 8 Nonunber 96 39 23; or Istnumber2; or 2nd number3or 8 Nonumber 86 40 65 *orIstnumber6 or 0; or 2ndnumber 5 Nonumber 93 41* 1S 17 86 42 74; or 1st number 7; or 2nd number 4 21 90 43 47; or 1st number 4; or 2nd number 7 No number 93 44 98;or lstnumber9; or 2nd number8or 3 Nonumber 96 46t Follows Line
*"Special" test.
*tMalingerers' test.
t"No number" means that the strbject is unable to decide what figures are present.
malingerers' plates are not included; no subject failed any of those
plates. When responses to these 29 plates are scored according to
the method suggested in Table 3, only two of the plates were failed
by any of the normal boys, only four of the plates were failed by
any of the normal girls, and none of these individuals failed more
than 1 plate. Every one of the 29 plates, however, was failed by
several members of the color vision deficient group, no single plate
was failedby less than 16 per cent of the color vision deficient group,92 YALE JOURNAL OF BIOLOGY AND MEDICINE
and all but 3 of the plates were failed by more than 50 per cent of
that group. That this revised method of using only 29 plates (plus
the 3 malingerers' plates) and the revised method of scoring do not
eliminate the possibility of detecting those individuals whose color
vision is only slightly impaired is shown by the data on our five
"doubtful" boys. This group made errors on ten of the plates, and
the data in Table 8 show that each of these five boys failed at least
two of these 29 plates and at least one of the ten "special" plates.
TABLE 4
THE NUMBER AND PERCENTAGE OF THE 132 NORMAL BOYS, 104 NORMAL GIRLS, 30
COLOR VISION DEFICIENT BOYS, 3 COLOR VISION DEFIC.IENT GIRLS, AND 5 "DOUBT-
FUL) COLOR VISION DEFICIENT BOYS FAILING EACH OF THE 29 PLATES WHEN THE
REVISED SCORING IS USED
Plate Normal boys (132) Normal girls (104) Color deficient Color deficie*t "Doubtful" No. boys (30) girls (3) boys (5) NN~~~~~~o. 0/% N 10i0 NO. % No. % No. NO. % No. 0
1 0 0 0 0 15 50.0 0 0 0 0
2 0 0 0 0 13 43.3 0 0 0 0
3 0 0 0 0 17 56.6 0 0 0 0
4 0 0 0 0 17 56.6 1 33.3 2 40.0
5 0 0 0 0 23 76.7 0 0 0 0
6 0 0 0 0 28 93.4 0 0 3 60.0
7 0 0 0 0 22 73.2 1 33.3 0 0
8 0 0 0 0 26 86.6 2 66.7 0 0
9 0 0 0 0 20 66.7 0 0 0 0
10 0 0 0 0 20 66.7 1 33.3 0 0
13 0 0 0 0 16 53.3 1 33.3 0 0 15 0 0 0 0 5 16.7 0 0 0 0
16 0 0 0 0 5 16.7 0 0 0 0
17 0 0 2 1.9 20 66.7 2 66.7 0 0 18 0 0 1 1.0 17 56.6 0 0 0 0 19 0 0 0 0 30 100 2 66.7 5 100.0 21 0 0 0 0 20 66.7 2 66.7 0 0
22 0 0 1 1.0 22 73.2 1 33.3 0 0 23 0 0 0 0 30 100 2 66.7 0 0 24 0 0 0 0 29 96.7 2 66.7 1 20.0
27 0 0 0 0 29 96.7 2 66.7 2 40.0
28 0 0 0 0 30 100 3 100 0 0
29 0 0 0 0 30 100 2 66.7 0 0 39 1 0.8 0 0 28 93.4 3 100 3 60.0
40 0 0 0 0 28 93.4 3 100 3 60.0 41 0 0 0 0 27 90.0 1 33.3 1 20.0
42 0 0 0 0 28 93.4 2 66.7 2 40.0 43 2 1.5 3 2.9 29 96.7 3 100 0 0 44 0 0 1 1.0 29 96.7 3 100 3 60.0COLOR VISION TESTS 93
Tables 5 and 6 permit a comparison of the total number of tests
failed by various numbers of boys and girls with normal color vision
when the original method of giving and scoring 40 plates is used
with the results when the 29 plates listed in Table 3 are used and
scored in the manner suggested in that table. The original method
yields only 10.6 per cent of normal boys and 5.8 of normal girls
making no errors; 20 per cent of the boys and over 60 per cent of
the normal girls failing more than 10 per cent of the plates. Only
one boy failed more than 25 per cent of the plates, but about 13 per
cent of the normal girls failed that many. We presume that the
larger number of errors made by the normal girls is due to their
unfamiliarity with this and other types of medical examination; the
boys used in this study are familiar with and very unconcerned by
various types of tests.
TABLE 5
THE NUMBER AND PERCENTAGE OF PLATES FAILED BY BOYS AND GIRLS WITH NORMAI
COLOR VISION WHEN THE ORIGINAL METHOD OF ADMINISTERING
AND SCORING 40 PLATES IS USED
Total plates failed Normal boys (132) Normal girls (104)
No. % No. Ss No. %
0 0 14 10.6 6 5.8 1 2.5 15 11.3 3 2.9
2 5.0 24 18.1 9 8.7
3 7.5 34 25.7 11 10.6
4 10.0 17 12.9 8 7.7 5 12.5 9 6.8 13 12.5 6 15.0 8 6.1 7 6.7 7 17.5 5 3.8 13 12.5 8 20.0 1 0.8 12 11.5 9 22.5 3 2.3 3 2.9 10 25.0 1 0.8 5 4.8 11 27.5 1 0.8 5 4.8 12 30.0 0 0 2 1.9 13 32.5 0 0 4 3.8 14 35.0 0 0 1 1.0 15 37.5 0 0 1 1.0
19 47.5 0 0 1 1.0
TABLE 6
THE NUMBER AND PERCENTAGE OF PLATES FAILED BY BOYS AND GIRLS WITH NORMAL
COLOR VISION WHEN THE REVISED METHOD OF ADMINISTERING AND
SCODRING 29 PLATES IS USED
Normal boys (132) Normal girls (104) Total number of A
plates failed No. t No. %
0 129 97.7 9 92.3
1 3 2.3 8 7.7Table 6 shows a great contrast to the data listed in Table 5.
When 29 plates are used and the revised method of scoring is
employed, only 3 boys and 8 girls failed one plate; no normal boy
or girl failed more than one.
In order to be certain that our revised method of administering
and scoring this test has not altered our results in the group of color
TABLE 7
A COMPARISON OF THE NUMBER AND PER CENT OF PLATES FAILED BY EACH OF THE
BOYS CLASSIFIED AS HAVING DEFICIENT COLOR VISION WHEN THE ORIGINAL AND
REVISED METHODS OF ADMINISTERING AND SCORING THE PLATES ARE USED
Plates failed:
Revised method
No.
13 45.0
14 48.3
17 58.6
16 55.1
19 65.6
20 69.0
17 58.6
15 51.7
20 69.0
15 51.7
23 79.2
24 82.8
20 69.0
24 82.8
25 86.1
20 69.0
26 89.7
25 86.1
24 82.8
23 79.2
25 86.1
24 82.8
24 82.8
27 93.2
26 89.7
25 86.1
22 75.8
24 82.8
26 89.7
27 93.2
No. of special plates
failed (10)
5
4
6
6
5
6
6
8
7
6
8
7
8
8
8
8
6
8
7
8
8
7
8
8
8
8
vision deficient boys, we have compared the results obtained when
the two methods are used, and we include in Table 7 the number of
"special" plates failed by each individual in that group. The data
in the table show clearly that there is no significant difference in the
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Name
C. G.
F. P.
T. H.
A.B.
A. M.
E.G.
E. R.
J. K.
A. W.
C. D.
W.P.
C. S.
L. C.
R. L.
E. M.
C. K.
B.E.
B. D.
A. H.
B. H.
R. S.
B. P.
A. R.
L. B.
G. D.
J. A.
J. F.
F. H.
G. M.
H. L.
Platesfailed:
Original methwd
No. %
23 57.5
24 60.0
24 60.0
25 62.5
26 65.0
26 65.0
27 67.5
27 67.5
30 75.0
31 77.5
31 77.5
32 80.0
32 80.0
32 80.0
32 80.0
33 82.5
33 82.5
33 82.5
33 82.5
33 82.5
33 82.5
33 82.5
33 82.5
34 85.0
34 85.0
34 85.0
35 87.5
35 87.5
35 87.5
36 90.0COLOR VISION TESTS
percentage of plates failed when one or the other method of admin-
istering and scoring color vision deficient individuals is used. No
color vision deficient individual failed less than four of the "special"
plates.
TABLE 8
A COMPARION OF THE NUMBER AND PERCENTAGE OF PLATES FAILED BY EACH OF
THE BOYS CLASSIFIED AS HAVING "DOUBTFULX COLOR VISION DEFICIENCY WHEN
EITHER THE ORIGINAL OR REVISED METHOD OF ADMINISTERING AND SCORING THE
TEST IS USED
Plates failed: Platesfailed: No. of specia pllates Name Onig4ua method Revised method failed (10)
No. % No. %
J.L. 12 30.0 5 17.3 1
J. C. 13 32.5 4 13.8 2
R.H. 17 42.5 2 6.9 1
H. P. 17 42.5 6 20.7 3
W. W. 20 50.0 8 30.3 4
Table 8 indicates that the revised method of giving the color
vision test does not alter the ability to select individuals whose color
vision had previously been dassified as "doubtful." All of the boys
in this group failed at least two of the 29 tests and at least one of
the "special" tests, but none failed as many as did the members of
the color vision deficient group. It is of interest to note that the
two boys in this group and one of the girls (see Table 9) who failed
only one ofthe "special" plates, all failed the same plate, number 19.
TABLE 9
A COMPARION OF THE NUMBER AND PERCENTAGE OF PLATES FAILED BY EACH OF
THE GIRLS CLASSIFIED AS BEING DEFICIENT IN COLOR VISION WHEN THE ORIGINAL
AND REVISED METHODS OF ADMINISTERING AND SCORING THE PLATES ARE USED
Plates failed: Plates failed: No. of special plates Name Original method Re'tAsed method failed (10) _
r
No. % No. %
S.B. 18 45.0 10 34.5 1 E. C. 24 60.0 16 55.1 1
P. P. 25 62.5 13 44.9 4
Ofthe group of 107 girls tested, only three failed more than one
plate when the revised method was used; none of the three failed
as many plates as did the boys in the color vision deficient group, and
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all of them failed a few more tests than did the members of the
"doubtful" group of boys.
Discussion
The data presented in Tables 1 and 2 dearly indicate that if the
pseudo-isochromatic plates are used and scored as suggested in the
pamphlet which accompanies them, the examiner will have to deter-
mine whether the errors made by the majority of his subjects are,
or are not, of significance. Many errors made by many subjects
may undoubtedly be charged to either apprehension or carelessness,
but when 20 per cent or more normal individuals make the same or
similar errors on as many as six different plates, and when more than
20 per cent of normal individuals fail more than 10 per cent of the
plates, an examiner finds it difficult to decide which responses to
consider "careless" errors, which ones to record as failures, and
which plates he can consider as valid tests. All these questions are
further complicated by his desire neither to make the mistake of
considering an individual with normal color perception to be deficient
nor to make the error of passing over an individual whose color
perception is only slightly, but definitely, impaired. Our data
would appear amply tojustify the development of a revised method
of administering and scoring this color vision test. A review of the
results offered in Table 2 makes it clear that some of the responses
listed in the pamphlet which accompanies these plates vary consid-
erably from ourdata, and that there is such a variety in the responses
of normal individuals to some of the plates that the further use of
them would appear to lead only to confusion.
On the basis of the data in Table 2 we suggest two new methods
of administering and scoring a color vision test utilizing these
pseudo-isochromatic plates. In the first method 32 of the plates
(including three malingerers' plates) are retained, and the responses
to these plates are to be scored as outlined in Table 3. When the
responses made by our subjects to these 32 plates were re-scored in
this manner, no normal subject failed more than one plate, and yet
the percentage of plates failed by individuals with deficient color
vision underwent no significant change. It would appear that this
method can produce uniform results and eliminate the necessity of
an examiner making a decision as to whether or not any error is
"careless" or is indicative of impaired color perception.
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A second method, which has the advantages of rapidity of admin-
istration and avoidance of any errors due to visual fatigue, depends
on the use of ten "special" plates. These ten plates were selected
because (1) none of them was failed by any of our normal subjects,
(2) no less than four of them were failed by our subjects whose
color vision is deficient, (3) all of our "doubtful" boys and each of
the three girls who had some impairment of color vision failed at
least one of them, and (4) their scoring depended only on one
correct response and did not involve the acceptance of any alternative
numbers. Data in Tables 4, 7, 8, and 9 indicate the validity of
this brief method; the malingerers' plates are to be added to the
ten other plates. The chief advantage of the longer method is that
the greater number of plates reduces the possibility of memorization
of the plates by a color-blind examinee who may wish to pass the test.
Summary
In the course of testing the color vision of 726 male adolescents
with the pseudo-isochromatic plates of the American Optical Com-
pany we noted that only a small number of these individuals gave
the correct response to each of the plates, that a large number of
them failed more than 10 per cent of these plates, and that a variety
of different responses were made to the same plate by apparently
normal individuals. Our results from that testing program yielded
so many individuals about whose color vision we were in doubt that
we decided to make a critical evaluation of this color vision test and
to attempt to devise methods of utilizing the plates so as to yield
more uniform results.
Two revised methods of administering and scoring the plates,
based on an evaluation of a second testing program which we carried
out on our groups of individuals, are presented. Our data list the
types ofresponses made by individuals with apparently normal color
vision to each of the plates, and indicate the number of individuals
failing these plates when both the original and revised methods of
administering and scoring are used. The revised methods yield
results which are more uniform than are those obtained when the
method suggested by the manufacturer is used. When one revised
method, which consists of the elimination of 11 plates and a modifi-
cation of the scoring of several of the remaining plates, is used no
normal individual failed more than one plate, no individual known
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to have defective color vision failed less than 13 plates, and no
individual whose color vision was suspected of being defective failed
less than two plates.
A supplementary and even briefer method, utilizing only 10
plates which were chosen because they were failed by no normal
individual and because each boy known to have color vision deficiency
failed at least four of them, is also suggested. Each of the indi-
viduals whose color vision was suspected of being somewhat deficient
failed at least one of these 10 plates. This method has the disad-
vantage, which accompanies any simple test utilizing only a small
number of plates, of offering an opportunity for the examinee to
memorize them; it has the advantage of requiring less time to
administer, it presents less difficulty in scoring, and it avoids the
introduction of visual fatigue as a factor in the individual's responses.
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